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Read the following instructions very carefully and follow them :

General Instructions :

(1) This question paper contains 35 questions. All questions are

compulsory.

(it) Question paper is divided into FIVE sections — Section A, B, C, D

and E.

(i11) In section — A : question number 1 to 18 are Multiple Choice (MCQ) type

questions carrying 1 mark each.

(iv) In section — B : question number 19 to 25 are Short Answer-1 (SA-1) type

questions carrying 2 marks each.

(v) In section — C : question number 26 to 30 are Short Answer-2 (SA-2) type

questions carrying 3 marks each.

(vi) In section — D : question number 31 to 33 are Long Answer (LA) type

questions carrying § marks each.

(vit) In section — E : question number 34 and 35 are case-based questions

carrying 4 marks each.

(viit) There is no overall choice. However, an internal choice has been provided

in 2 questions in Section — B, 2 questions in Section — C, 3 questions in

Section — D and 2 questions in Section — E.
(ix) Use of calculators is NOT allowed.

c=3x 108 m/s

h =6.63 x 10734 Js
e=16x1019C

o = 47 x 10" Tm A1

gy = 8.854 x 10712 C2 N-1 m~2

1
T =9 x 109 Nm?2 (C2
RSO

Mass of electron (m_) = 9.1 x 103l kg

Mass of neutron = 1.675 x 1027 kg

Mass of proton = 1.673 x 10727 kg

Avogadro’s number = 6.023 X 1023 per gram mole
Boltzmann constant = 1.38 x 10723 JK~!
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SECTION - A

An electric dipole of length 2 cm is placed at an angle of 30° with an

electric field 2 x 10° N/C. If the dipole experiences a torque of 8 x 1073 Nm,

the magnitude of either charge of the dipole, is
A) 4uC B) 7uC
(C) 8mC D) 2mC

Two horizontal thin long parallel wires, separated by a distance r carry
current I each in the opposite directions. The net magnetic field at a point
midway between them, will be

tol
(A) zero B) (waj vertically downward
2pl : Hol .
©) 5 vertically upward (D) T vertically downward

Which of the following cannot modify an external magnetic field as shown
in the figure ?

IR
~———

(A) Nickel (B) Silicon
(C) Sodium Chloride (D) Copper
A square shaped coil of side 10 cm, having 100 turns is placed

perpendicular to a magnetic field which is increasing at 1 T/s. The

induced emf in the coil is
A) 0.1V B) 05V
(C) 0.75V D) 1.0V

Which one of the following electromagnetic radiation has the least
wavelength ?

(A) Gamma rays (B) Microwaves
(C) Visible light (D) X-rays

In a Young’s double-slit experiment, the screen is moved away from the
plane of the slits. What will be its effect on the following ?

(1) Angular separation of the fringes.

(1) Fringe-width.

(A) Both (1) and (i1) remain constant.

(B) (1) remains constant, but (i1) decreases.

(C) () remains constant, but (ii) increases.
(D) Both (1) and (i1) increase.

55/5/3 I — | Page 5 of 24 P.T.O.



7.

10.

11.

(=] [=]

i
Topeft ®ieA T 3Hetl, o 3R ERT &I A E, ¢ 3R v g1 F&ba fomam w7 |
frfertad 5 9 =M 91 T 6eh! dTeed i e o § ?

h
@ = B) hv
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A) 155 ®
© 2 ®) 1
feret goteri i hed ard o Raferen i o st Svg & e o fore e feperht Soft =iey ?
(&) 0.01eV (B) 0.05eV
(C) 0.7eV D) 1.1eV
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II
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(C) III D) IV
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7. E, cand v represent the energy, velocity and frequency of a photon. Which

of the following represents its wavelength ? 1
hv
(A) 2 (B) hv
hc hv
© 3 O =
8. The ratio of the nuclear densities of two nuclei having mass numbers 64
and 125 is 1
64 4
A) 795 ® 3
5
©) 7 D) 1
9. The energy required by an electron to jump the forbidden band in silicon
at room temperature is about 1
(A) 0.01eV (B) 0.05eV
(C) 0.7eV D) 1.1eV

10. The diagram shows four energy level of an electron in Bohr model of
hydrogen atom. Identify the transition in which the emitted photon will

have the highest energy. 4 1
n =
¥ n=3
IT
: n=2
IV
n=1
I III
A I B) II (C) III D) 1V
11. Which of the following graphs correctly represents the variation of a
particle momentum with its associated de-Broglie wavelength ? 1
p N p N
@A) / ®) /
>\ > A
p N p N
©) \ (D) \\
> A > A
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4) o?LC (B) LC2

L
© = D) oL
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(A) 420 nm (B) 750 nm

(C) 630 nm (D) 500 nm

BTESIoH U] % SR Higel H nal sheat i Breen frforfaa § @ fopaeh srmfees g 8 2

@) n? ® -

© n @) +
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12. The capacitors, each of 4 uF are to be connected in such a way that the

effective capacitance of the combination is 6 pF. This can be achieved by

connecting 1
(A) All three in parallel
(B) All three in series

(C) Two of them connected in series and the combination in parallel to

the third.
(D) Two of them connected in parallel and the combination in series to
the third.
13. What is the ratio of inductive and capacitive reactance in an ac circuit ? 1
(A) o?LC (B) LC2
LC
© o5 D) oL

14. In an interference experiment, third bright fringe is obtained at a point
on the screen with a light of 700 nm. What should be the wavelength of
the light source in order to obtain the fifth bright fringe at the same

point ? 1
(A) 420 nm (B) 750 nm
(C) 630 nm (D) 500 nm

15. The radius of the nth orbit in Bohr model of hydrogen atom is proportional

to 1
@) n? ® -
© n o -
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Note: In question number 16 to 18 two statements are given — one labelled
Assertion (A) and the other labelled Reason (R). Select the correct
answer to these questions from the codes (a), (b), (c) and (d) as given

below :

(A) Both Assertion (A) and Reason (R) are true and (R) is the
correct explanation of (A).

(B) Both Assertion (A) and Reason (R) are true and (R) is NOT the
correct explanation of (A).

(C) Assertion (A) is true and Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.

16. Assertion (A) : The resistance of an intrinsic semiconductor decreases
with increase in its temperature. 1

Reason (R) : The number of conduction electrons as well as hole increase

In an intrinsic semiconductor with rise in its temperature.

17. Assertion (A) : The given figure does not show a balanced Wheatstone

bridge. 1

2Q 3Q

NN MV
P Q

[—— —>1

R S

AAAA AAAA

3Q 2Q

Reason (R) : For a balanced bridge small current should flow through
the galvanometer.

18. Assertion (A) : The deflecting torque acting on a current carrying loop is
zero when its plane is perpendicular to the direction of magnetic

field. 1

Reason (R) : The deflecting torque acting on a loop of magnetic moment

m in a magnetic field B is given by the dot product of m and B.

55/5/3 I — | Page 11 of 24 P.T.O.
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SECTION - B

19. Plot a graph showing the variation of photo electric current, as a function
of anode potential for two light beams having the same frequency but
different intensities I, and I, (I, > I,). Mention its important features. 2

20. (a) How will the De Broglie wavelength associated with an electron be
affected when the (1) velocity of the electron decreases ? and
(11) accelerating potential is increased ? Justify your answer. 2
OR
(b) How would the stopping potential for a given photosensitive surface
change if (1) the frequency of the incident radiation were increased ?
and (i1) the intensity of incident radiation were decreased ? Justify
your answer. 2

21. How are electromagnetic waves produced ? Write their two characteristics. 2

22. Three point charges Q, q and — q are kept at the vertices of an equilateral

triangle of side L as shown in figure. What is 2
ANQ
L
a
AR R
fe——

(1) the electrostatic potential energy of the arrangement ? and
(1) the potential at point D ?

23. (a) Two identical circular loops P and Q, each of radius R carrying
current I are kept in perpendicular planes such that they have a
common centre O as shown in the figure.

I Q

< '0>P

>

I

Find the magnitude and direction of the net magnetic field at point O. 2
OR

55/5/3 I — | Page 13 of 24 P.T.O.
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2
(b) A long straight conductor kept along X' X axis, carries a steady
current I along + x direction. At an instant t, a particle of mass m

and charge q at point (x, y) moves with a velocity v along + y
direction. Find the magnitude and direction of the force on the
particle due to the conductor. 2

24. Two conductors, made of the same material have equal lengths but
different cross-sectional areas A; and A, (A; > A,). They are connected in

parallel across a cell. Show that the drift velocities of electrons in two
conductors are equal. 2

25. Two coils C; and C, are placed close to each other. The magnetic flux ¢,
linked with the coil C, varies with the current I, flowing in coil C,, as

shown in the figure. Find 2
(I)2 (Wb) A
15 A
10 -
5 .
0 . . . > 1, (A)
2 4 6
(1) the mutual inductance of the arrangement, and
dI
(1) the rate of change of current (d_tlj that will induce an emf of 100 V
in coil C,.
SECTION - C

26. (a) A plane wave-front propagating in a medium of refractive index ‘p;’

1s incident on a plane surface making an angle of incidence (). It
enters into a medium of refractive index p, (1, > p,).

Use Huygen’s construction of secondary wavelets to trace the

retracted wave-front. Hence verify Snell’s law of refraction. 3
OR
(b) Using Huygen’s construction, show how a plane wave is reflected
from a surface. Hence verify the law of reflection. 3

55/5/3 I — | Page 15 of 24 P.T.O.
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29. (a)

(b)

30. (a)

(b)

31. (a)

55/5/3

ToReht =T UST! TeaHIHICK hl 9T GUTiEdT H Jfg hH TR hi ST Hehdll &, 3T
T T ol I |

I3 oI Iy G < T ot Immr fagror guifdn & | 39 (0 — V) TiER 3 dleeiiie
7 ufafa s o fote aferier Ra <t @2 (0 — 2V) IR & dicediet ¥ aiafid i &
fo wicrer Re <hT STl 21 8 | 381 oo HIet 31 Sfoki 31 i |

fertlt o-sh01 S 51 STt MeV H uftesferd shifse | feam @
T 1 g™ = 1.007825 u

=2 1 geqqM = 1.008665 u
He 1% &1 g29H = 4.002800 u
1u = 931 MeV/c?

AT

TS &1 240 3R 997 A1 Iid fFAstia 7.6 MeV &1 i W 716 P @l
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28.

29.

30.

31.
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An alternating current I = 14 sin (100 nt) A passes through a series

2
combination of a resistor of 30 Q and an inductor of (aj H. Taking

\/é = 1.4, calculate the
(1) rms value of the voltage drops across the resistor and the inductor,
and
(11) power factor of the circuit. 3

State the basic principle behind the working of an ac generator. Briefly
describe its working and obtain the expression for the instantaneous
value of emf induced. 3

(a) Briefly describe how the current sensitivity of a moving coil
galvanometer can be increased.
(b) A galvanometer shows full scale deflection for current Ig. A resistance

R, is required to convert it into a voltmeter of range (0 — V) and a
resistance R, to convert it into a voltmeter of range (0 — 2V). Find the

resistance of the galvanometer. 3

(a) Calculate the binding energy of an alpha particle in MeV. Given 3
mass of a proton = 1.007825 u
mass of a neutron = 1.008665 u
mass of He nucleus = 4.002800 u
1u =931 MeV/c?
OR
(b) A heavy nucleus P of mass number 240 and binding energy 7.6 MeV
per nucleon splits into two nuclei Q and R of mass number 110 and
130 and binding energy per nucleon 8.5 MeV and 8.4 MeV
respectively. Calculate the energy released in the fission. 3

SECTION -D
(a) Draw the circuit arrangement for studying V-I characteristics of a
p-n junction diode in (1) forward biasing and (i1) reverse biasing.
Draw the typical V-I characteristics of a silicon diode. Describe
briefly the following terms : (1) minority carrier injection in forward
biasing and (i1) breakdown voltage in reverse biasing. 5

OR
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32. (a)

(b)

33. (a)

(b)
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32. (a)
(b)

33. (a)
(b)
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Name two important processes involved in the formation of a p-n
junction diode. With the help of a circuit diagram, explain the
working of junction diode as a full wave rectifier. Draw its input and
output waveforms. State the characteristic property of a junction
diode that makes it suitable for rectification.

@

(11)

@

(11)

(11)

@

(11)

Draw a ray diagram to show the working of a compound
microscope. Obtain the expression for the total magnification for
the final image to be formed at the near point.

In a compound microscope an object is placed at a distance of 1.5
cm from the objective of focal length 1.25 cm. If the eye-piece has
a focal length of 5 cm and the final image is formed at the near
point, find the magnifying power of the microscope.

OR

Draw a ray diagram for the formation of image of an object by an
astronomical telescope, in normal adjustment. Obtain the
expression for its magnifying power.

The magnifying power of an astronomical telescope in normal
adjustment is 2.9 and the objective and the eyepiece are
separated by a distance of 150 cm. Find the focal lengths of the
two lenses.

Explain how free electrons in a metal at constant temperature
attain an average velocity under the action of an electric field.
Hence obtain an expression for it.

Consider two conducting wires A and B of the same diameter but
made of different materials joined in series across a battery. The
number density of electrons in A is 1.5 times that in B. Find the
ratio of drift velocity of electrons in wire A to that in wire B.

OR

A cell emf of (E) and internal resistance (r) is connected across a
variable load resistance (R). Draw plots showing the variation
of terminal voltage V with (i) R and (@ii) the current (I) in the
load.

Three cells, each of emf E but internal resistances 2r, 3r and 6r
are connected in parallel across a resistor R.

Obtain expressions for (1) current flowing in the circuit, and
(11) the terminal potential difference across the equivalent cell.

I — | Page 19 of 24 P.T.O.
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Note : Questions number 34 and 35 are Case Study based questions.

SECTION - E

Read the following paragraph and answer the questions.

34. A lens is a transparent optical medium bounded by two surfaces; at least
one of which should be spherical. Considering image formation by a single
spherical surface successively at the two surfaces of a lens, lens maker’s
formula is obtained. It is useful to design lenses of desired focal length
using surfaces of suitable radii of curvature. This formula helps us obtain
a relation between u, v and f for a lens. Lenses form images of objects and
they are used in a number of optical devices, for example microscopes and

telescopes. 4

(1) An object AB is kept in front of a composite convex lens, as shown in

figure. Will the lens produce one image ? If not, explain.

(1) A real image of an object formed by a convex lens is observed on a
screen. If the screen is removed, will the image still be formed ?

Explain.

(111) A double convex lens is made of glass of refractive index 1.55 with
both faces of the same radius of curvature. Find the radius of

curvature required if focal length is 20 cm.
OR

(111) Two convex lenses A and B of focal lengths 15 cm and 10 cm
respectively are placed coaxially ‘d’ distance apart. A point object is
kept at a distance of 30 cm in front of lens A. Find the value of ‘d’ so

that the rays emerging from lens B are parallel to its principal axis.
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35. A capacitor is a system of two conductors separated by an insulator. The
two conductors have equal and opposite charges with a potential
difference between them. The capacitance of a capacitor depends on the
geometrical configuration (shape, size and separation) of the system and
also on the nature of the insulator separating the two conductors. They
are used to store charges. Like resistors, capacitors can be arranged in
series or parallel or a combination of both to obtain desired value of

capacitance.
(1) Find the equivalent capacitance between points A and B in the given
diagram.
C
11
c ' C C
A—t—F——{————8
C
|1
1l
|1
11
C

(1) A dielectric slab is inserted between the plates of a parallel plate
capacitor. The electric field between the plates decreases. Explain.

(111) A capacitor A of capacitance C, having charge Q is connected across
another uncharged capacitor B of capacitance 2C. Find an expression
for (a) the potential difference across the combination and (b) the
charge lost by capacitor A.

OR

(111) Two slabs of dielectric constants 2K and K fill the space between the
plates of a parallel plate capacitor of plate area A and plate
separation d as shown in figure. Find an expression for capacitance
of the system.

o
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2023
SUBJECT: PHYSICS (042) (PAPER CODE 55/5/3)

General Instructions: -

You are aware that evaluation is the most important process in the actual and correct
assessment of the candidates. A small mistake in evaluation may lead to serious problems
which may affect the future of the candidates, education system and teaching profession.
To avoid mistakes, it is requested that before starting evaluation, you must read and
understand the spot evaluation guidelines carefully.

“Evaluation policy is a confidential policy as it is related to the confidentiality of the
examinations conducted, Evaluation done and several other aspects. Its’ leakage to
public in any manner could lead to derailment of the examination system and affect
the life and future of millions of candidates. Sharing this policy/document to anyone,
publishing in any magazine and printing in News Paper/Website etc may invite action
under various rules of the Board and IPC.”

Evaluation is to be done as per instructions provided in the Marking Scheme. It should not
be done according to one’s own interpretation or any other consideration. Marking Scheme
should be strictly adhered to and religiously followed. However, while evaluating,
answers which are based on latest information or knowledge and/or are innovative,
they may be assessed for their correctness otherwise and due marks be awarded to
them. In class-X, while evaluating two competency-based questions, please try to
understand given answer and even if reply is not from marking scheme but correct
competency is enumerated by the candidate, due marks should be awarded.

The Marking scheme carries only suggested value points for the answers

These are in the nature of Guidelines only and do not constitute the complete answer. The
students can have their own expression and if the expression is correct, the due marks
should be awarded accordingly.

The Head-Examiner must go through the first five answer books evaluated by each
evaluator on the first day, to ensure that evaluation has been carried out as per the
instructions given in the Marking Scheme. If there is any variation, the same should be zero
after delibration and discussion. The remaining answer books meant for evaluation shall be
given only after ensuring that there is no significant variation in the marking of individual
evaluators.

Evaluators will mark( ¥ ) wherever answer is correct. For wrong answer CROSS ‘X” be
marked. Evaluators will not put right (v )while evaluating which gives an impression that
answer is correct and no marks are awarded. This is most common mistake which
evaluators are committing.

If a question has parts, please award marks on the right-hand side for each part. Marks
awarded for different parts of the question should then be totaled up and written in the left-
hand margin and encircled. This may be followed strictly.

If a question does not have any parts, marks must be awarded in the left-hand margin and
encircled. This may also be followed strictly.

If a student has attempted an extra question, answer of the question deserving more marks
should be retained and the other answer scored out with a note “Extra Question”.

10

No marks to be deducted for the cumulative effect of an error. It should be penalized only
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once.

11 A full scale of marks 0-70 (example 0 to 80/70/60/50/40/30 marks as given in Question
Paper) has to be used. Please do not hesitate to award full marks if the answer deserves it.

12 Every examiner has to necessarily do evaluation work for full working hours i.e., 8 hours
every day and evaluate 20 answer books per day in main subjects and 25 answer books per
day in other subjects (Details are given in Spot Guidelines).This is in view of the reduced
syllabus and number of questions in question paper.

13 Ensure that you do not make the following common types of errors committed by the
Examiner in the past:-

e [eaving answer or part thereof unassessed in an answer book.

e Giving more marks for an answer than assigned to it.

e  Wrong totaling of marks awarded on an answer.

e  Wrong transfer of marks from the inside pages of the answer book to the title page.

e Wrong question wise totaling on the title page.

e  Wrong totaling of marks of the two columns on the title page.

e Wrong grand total.

e Marks in words and figures not tallying/not same.

e  Wrong transfer of marks from the answer book to online award list.

e Answers marked as correct, but marks not awarded. (Ensure that the right tick mark is
correctly and clearly indicated. It should merely be a line. Same is with the X for
incorrect answer.)

e Half or a part of answer marked correct and the rest as wrong, but no marks awarded.

14 While evaluating the answer books if the answer is found to be totally incorrect, it should
be marked as cross (X) and awarded zero (0)Marks.

15 Any un assessed portion, non-carrying over of marks to the title page, or totaling error
detected by the candidate shall damage the prestige of all the personnel engaged in the
evaluation work as also of the Board. Hence, in order to uphold the prestige of all
concerned, it is again reiterated that the instructions be followed meticulously and
judiciously.

16 The Examiners should acquaint themselves with the guidelines given in the “Guidelines
for spot Evaluation” before starting the actual evaluation.

17 Every Examiner shall also ensure that all the answers are evaluated, marks carried over to
the title page, correctly totaled and written in figures and words.

18 The candidates are entitled to obtain photocopy of the Answer Book on request on payment

of the prescribed processing fee. All Examiners/Additional Head Examiners/Head
Examiners are once again reminded that they must ensure that evaluation is carried out
strictly as per value points for each answer as given in the Marking Scheme.
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MARKING SCHEME: PHYSICS(042)

Code:55/5/3

Q No. VALUE POINTS/EXPECTED ANSWERS Marks | Total
Marks
SECTION - A
1 (A) 4uC 1 1
2 No option is correct. 1 1
[Award one mark to each student]
3 (A) Nickel 1 1
4 (D)1.0V 1 1
5 (A) Gamma rays 1 1
6 (C) (1) remains constant, but (ii) increases 1 1
7 (C) he/E 1 1
8 (D)1 1 1
9 (D) 1.1eV 1 1
10 (A1 1 1
11 (D) 1 1
p A
>\
12 (C) Two of them connected in series and the combination in parallel to the 1 1
third
13 (A) &’LC 1 1
14 (A) 420 nm 1 1
15 (A) n? 1 1
16 (A) Both Assertion (A) and reason (R) are true and (R) is correct 1 1
explanation of (A)
Note:
In Hindi version none of the answer is correct, so award one mark to
each student who opted Hindi medium to write the answer.
17 (C) Assertion (A) is true and Reason (R) is false. 1 1
18 (C) Assertion (A) is true and Reason (R) is false. 1 1
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SECTION-B

19 (1) Graph showing the variation of photon electric current with
anode potential for two different intensity (1)
(i1) Important features (1)
'
E
g
5
3 L >
©
& e —
/ - h 1
III I.//
Stopping potential / .-’
\ S / Rk
0
- — Retarding Collector plate - -
potential potential
Increase in intensity does not change the cut-off potential. 141
The increase in intensity increases the value of saturation current.
(a)
20
(1) Effect of velocity of electron on de- Broglie wavelength (%)
Justification (%)
(1) Effect of accelerating potential on de- Broglie wavelength (2)
Justification (*2)
(1) A=h/mv Y
With decrease in velocity, de- Broglie wavelength increases Va
. h
(i) A=
\2meV %
Y

With increase in accelerating potential, de- Broglie wavelength decreases

OR
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(b)

(1) Effect of frequency of incident radiation on stopping potential ~ (}%)

Justification (*2)
(i1) Effect of intensity of incident radiation on stopping potential (*2)
Justification (%2)

(1) With increase in frequency stopping potential will increase.

h, %

Vy="v-
e e

(i) Stopping potential remains same.
Energy of photoelectron ejected is independent of intensity
of radiation

V2

V2

Y
)

21

Methods to produce Electromagnetic wave (1)
Two characteristics (Yat2)

1. Charged particle moving with varying speed.
2. Oscillating charge

3. By using LC circuit

(any one)

Characteristics of em waves (Any two )

(1) Travel with speed of light in vacuum

(2) Transverse in nature

(3) No medium required for propagation

(4) Can be polarized

(5) Exert pressure

(Any other relevant characteristics )

Yot 2
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22

(1) Calculation of electrostatic P.E. of the arrangement (1)
(i1) Potential at point D (1)

_k0q k0q kg’
L L L

kq ’

L

(i) V' =Vp + V0 + Ve

(U=

U = -

2KQ 2Kq 2K
y_2KQ 2Kq 2Kg

N

2KQ

y ==
V3

Y

Y

Y

Y

23

(a) Calculation of magnitude of field (2)

_ Hol
' 2R
Mol

> 2R

B=+B}+B:

2

B= 2(/’_01j
2R

B =2l
2R

Note: Since direction of current is shown clockwise as well as anti-clock
wise in the vertical loop. So no marks is assigned for direction of magnetic
field.

OR

Y

Y

Y

Y
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(b) Calculation of magnitude of force (1'%2)
Direction (2)

Force is along + X axis
Alternatively

o HoavI

——1

2wy

Y

Y

Y

Y

24 Showing the equal drift velocity in the two conductors  (2)
I =nedVd v,
v = 1 V4
" ned nedpl 7
14
v, =
plne 1,
In parallel drift velocity is independent of area cross section
So drift velocities are same in both the conductors 7
25
(1) Finding mutual inductance from graph (1)
dl
i Finding — 1
(i) g M
0 ¢=M, Z
Slope of the graph , M = %
1
M=25H
%)
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SECTION-C

26

(@

Tracing the refractive wavefront (D)
Verification of Snell’s Law of refraction (2)

Incident wavelront

1'1
Medium 2 r

Refracted
iy <y E wavelront

AB is incident wavefront, incident at an angle i . let T be the time taken by
wavefront to travel distance BC.

BC=v, 7t where v; is speed of wave in medium 1
To determine shape of refracted wavefront, we draw a sphere of radius vat
, where v2 is speed of wave in medium 2.

CE represents a tangent drawn from point C on sphere, CE is the refracted
wavefront.

BC _vr
AC AC
AE _ vt
AC AC
Where i1 and r are the angles of incidence and refraction, respectively.
sini. _ v, _H,

sini = and

sinr =

sinr v, 4

M, sini = p, sinr

This is the Snell’s law of refraction.
OR

Vs

Vs

V2

Y
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Diagram showing the reflection of plane wave (D)
Verification of Law of reflection (2)

Incident
W '|.-'I‘|..I'n'. il

Relflected
wavelront

Consider a plane wave AB incident at an angle i on a reflecting surface
MN. If v is the speed of the wave in the medium and if T represents the time
taken by the wavefront to advance from the point B to C then the distance
BC=v1

In order to construct the reflected wavefront, draw a sphere of radius vt
from the point A. Let CE represent the tangent plane, drawn from the point
C to this sphere.

In AAEC and AABC

AE=BC=v1

LCEA=Z/ABC (90° each)

AC is common side
AAEC = AAEC

" Li=Lr

This is the law of reflection.

Y

Y

Y

Y
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(1) Calculation of rms value of voltage drop across resistance and
inductor (1+1)
(i1) Power factor (1)

I =14sin(1007£) A

rms = ]0 :ﬂ A

2 14
I, =10A
R=30Q

Ve, =10 x30=300V

XL:szlooﬁxi:4OQ [in}
Sm

V, =10 xX, =10 x40 =400V

V, =400V

Z=\X;+R’
Z =4J(40)* +(30)’

Y

Y

Y

Y

=50Q v,
30
Cos¢p =—
/ 50
3
Cos¢ = 3 v,
28 .
Principle of ac generator (D)
Working (D)
Obtaining expression for induced e m f (1)

Principle: Whenever magnetic flux linked through a coil changes an emf is
induced.
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Alternatively: ac generator is based on the phenomenon of electromagnetic
induction.

Working: The coil (armature) is mechanically rotated in the uniform
magnetic field by some external means. The rotation of the coil causes the
magnetic flux through it to change. So an emf is induced in the coil.
Expression for induced emf

Flux linked with the coil at any instant of time is-

¢, = BAcos wt

N
dt

e= —NBAi(cos wt)
dt

e=—

Thus, instantaneous value of emf is

e= NBAwsin wt

Y

Y

29

(a) Methods to increase current sensitivity of moving coil
galvanometer (1)
(b) Calculation of resistance of galvanometer (2)

(a) Current sensitivity of moving coil galvanometer can be increased
by

(1) increasing number of turns in the coil (I, a N)

(2 ) increasing magnetic field strength (/, @ B)
(3) using a material having lesser value of torsional constant (IS a %j

(4) increasing area of cross-section of the coil

( Note- Any one of the above )

14
(b) R=—-G

g

For range (0-V)

For range (0-2V)

Y

Y
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R2:2]—V—G ——————— ()

g
On solving equations (1) and (2)
G=R2-2R;

Y

Y

30

a)
Calculation of B.E. of a particle 3)

Number of Protons =2
Number of neutrons =2

BE.=[(ZM,+(A-Z)m,)-m, |C

Am =[(2 x1.007825 + 2 x 1.008665) — (4.002800)] u
B.E. =0.03018 x 931 MeV
BE. =28 MeV

OR
(b)

Calculation of energy released in the fission 3)

Binding energy of nucleus P =7.6 x 240 = 1824 MeV

Binding energy of nucleus Q = 8.5 X 110 =935 MeV

Binding energy of nucleus R = 8.4 x 130 = 1092 MeV

Binding energy of (Q + R) =935+ 1092 = 2027 MeV

Energy released = Binding Energy of ( Q + R) - Binding energy of P
Energy released =(2027-1824) MeV

=203 MeV

Y

Y

)

Y

Y

Y
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SECTION-D

31

(a)
Circuit arrangement for V-I characteristics of p-n junction in
(1) forward bias (1)
(i1) reverse bias (1)
V-I characteristics (1)
Explanation of
(1) Minority carrier injection in forward bias (1)
(i1) Breakdown Voltage in reverse bias (1)
(i) ﬁVoltmeter{V]
V)
.|
p
@
Milliammmeter
ma
(mA) "
L7 Switch
7 | I
= (a)
’,:;\ Voltmeter(V)
L/
P n
@
Microammeter
(WA)
KH‘\ Switch
|
.
(b)
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I [mA)

F

100 —
80 —
G —
G0 —
20 —

100 80 60 40 20
1 T 1 5

1 | | 1 L ”
= 0.2 0.9 0.6 0.8 .o~ vV
' 10—
20 —
30 —

(A

(Note: Do not deduct marks for not showing values.)
Minority carrier injection: Under forward bias electrons from n-side cross

the depletion region and reach p-side. Similarly, holes from p-side
cross the junction and reach the n-side.

Breakdown voltage: It is the voltage under reverse bias for which reverse
current increases sharply

OR
() —— —
Naming two important processes (2 + %)
Circuit diagram (1)
Working of junction diode as a full wave rectifier (D)
Input & output waveforms (1)
Characteristics / Property (1)
(a) Diffusion
Drift
Centre-Tap
Transformer
[=======T Diode 1]
—_—
Centre 5
Tap o %
e ;_;:4]—}—_
- { Diode 2(I»] R Oatpud
:I:._ &

=

vz
72
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Suppose the input voltage to A with respect to the centre-tap at any instant
is positive. At that instant, voltage at B being out of phase will be negative.
So, diode D; gets forward biased and conducts (while D> being reverse
biased is not conducting). Hence, during this positive half cycle we get an
output current (and a output voltage across the load resistor Rr). In the
course of ac cycle when the voltage at A becomes negative with respect to
centre tap, the voltage at B would be positive. In this part of the cycle diode
D; would not conduct but diode D, would, giving an output current and
output voltage (across Rr) during the negative half cycle of the input ac.

Wavelorm at A

S

(ii)
[1=)]

Due to Due to | Due to | Due to

Dy | Oy | B | By

(across R)

Output waveform  Wayeform at B

Property Junction diode allows current to pass only when it is forward
biased.

Y
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(a)
(i) Ray diagram of compound microscope. (12)
Expression for total magnification (1'%)
(i) Finding the magnifying power of microscope (2)
e —f— I"_J'._'H
L S— [
W [ty B | , | Ewvepiece ﬁ‘&;‘*v
B B =i v [ T w
j S B

\ | = "
Objective N 1 L =
pakiand borg ; % . -
Q‘A:‘—",___
._ L '
\/

1 el |

A

(Note: Give full credit of the diagram, if a student draws diagram for
normal adjustment.

Deduct /2 mark for not showing the direction of propagation of
light.)

Linear magnification due to the objective is

tanf§ = n = (h—j
f, L
h' L
mO = —= —
h f,
Here L is the distance between the second focal point of the objective and
the first focal point of the eyepiece.
Linear magnification due to eyepiece is

D
m, =|1+—
( ij

Thus, the total magnification is, m =m, xm,

L D
m=—|1+—
fo( fej

Note: full credit of the derivation should be given if a student derives

m="2 1+2
Uy /.

(i)  Given:

177

Y
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(1)

u,=-1.5cm

f,=1.25cm
f,=5cm

D=25cm
1.1
Jo Vo U

A% —Ecm
° 2
jmp|=Ye =D, L _s
oy, 215
|me :[1+2j
fe
m =1+§=6
| € 5

m=m,xm, =5x6=30

OR

(1) Ray diagram for image formation by astronomical telescope

in normal adjustment. (12)

Expression for magnifying power (1'%2)
(i1) Formula (Vat'%)

Calculation of focal length of both lenses (Yo%)

___ Objective |'— fe—i Eyepiece
= - be— /;;—vl
o a—(.)_= = ::‘ ~ ;\l?’- . — Q}:
\t"‘ : &

V2

V2

V2

Y

1%
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Magnifying power (m)

(i) m=2.9, d=150cm  (Given)
£ 29

o]

£, 10

f,+f, =150

f =38.5cm

f =150-38.5=111.5cm

Y

Y

Y

Y

33

@) (i) Explanation (1)

Obtaining expression for average velocity (2)
(i1) Finding ratio of drift velocities (2)

(a) (1) Under the effect of external field, an electron experiences a force
F=—e¢E between collisions.

Due to this force the electron is accelerated and attains a velocity. This
velocity is different for different electrons, which averaged over all
electrons gives average drift velocity. This drift velocity is constant for a
given temperature.

Expression of average velocity:

Under the action of an electric field electrons get accelerated with
ek

m
Velocity of an electron at any instant of time is

—

— — ek
Vi =V, ——1,
m

a=

Y

Y
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Vd = (I/z )average
- — eE
(V: )average = (Vi )average _; (tl )average

But (V,)yeraee =0 duetorandomness

- eE
v, =0——r1
m

- el
V, =——T1
m

(i) v, = —— —( ad jxl
¢ enA \enD?) n

1 .
v, «c— for same diameter and current
n

n, =1.5n, (Given)

OR
(b)

Average velocity of the electrons at time ‘t’ is the drift velocity

)
1 Plot showing variation of V with R
ii Plot showing variation of V with I

(i)

equivalent cell.

(1)
(1)

(1) Obtaining expression for current flowing through circuit (1 %)
(i1) Obtaining expression for terminal potential difference across the

1
(13)

() i

V2

Y

V2

V2
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il.

(i)

-
s}
»

1T 1 - 1
—_— e — —

req r1 r2 r3

I 1

1
2r  3r 6r

1
Yoy
Ly =T

Given cells are of equal emf (E) and connected in parallel, so

E, E E E

. E,
Current flowing [ = —=
R+r,

E

I =
R+r

The terminal potential difference

VzEeq—Ireq
V=E- E XT
(R+1)
Vo ER
R+r

Vs

V2

Vs

Y

Y

Y
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SECTION- E

34

1) Answer and explanation (Ya+ )
i1) Answer and explanation (2 + %)
ii1) For finding radius of curvature (2)
OR
Finding the separation between lenses (2)
(i) No,

The lens is made up of two materials of different refractive indices. It
has two focal lengths.

(i) Yes
Rays are still intersecting/ converging at the location of image.

N
(111) 7—(n 1)[Rl Rj

R=2 (1.55-1) x 20=22 cm

OR

Forlens A (f=15cm)

u =-30cm
1.1
v u f

1 1 1 1

Ve
72

V2

V2

V2

V2

V2

V2
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v, = 30 cm 72
For lens B
For rays to go parallel to principal axis out of lens B the image
formed by lens A must lie at the focus of B 1
So d=30+10=40 cm
Alternatively: (Object is kept at 2f so image will also be formed at 2f on
the other side of the lens i.e. at 30 cm. Now the final image is to be formed
at infinity so the image formed must lie at the focus of the second lens (B).
Thus separation is 30 +10 =40 cm)
35
(i) Calculation of equivalent capacitance (1)
(i1) Explanation of electric field reduction (D)
(ii1) Finding the potential difference across the combination (1)
Finding the charge lost by capacitor A (1)
OR
Finding the capacitance of system 2)
(1)
c/\/
: .
A
o o v,
¢ \/\ &
Lc
[
C.=C+C
1
~2C &
(Note: Give full credit to a student if 2C written directly)
(i)  Within the dielectric slab, induced electric field due to polarization, 1

decreases the electric field.

Alternatively: E = Eo— E,
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Alternatively: E = ?{—“

(iii)

(a) V':%T:%
oLV
3C 3
(b) ,
QA'=C><§=%
0,=Cr=0

Charge lost by capacitor A is

Q_20
A = _—— = —
0=0 3= 3
OR

Capacitance of left portion, C; = 6K§° 4
Capacitance of right portion, C2= 3K220 4
As the capacitors are in series

1 1 1
_ = —
Ceqi Cl C2

1 d N 2d  5d
C, 6Ke, A 3Ke, A 6KAg,
c - 6KA €,

eqi Sd

V2

V2

V2

V2

V2

V2

V2

V2
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